Aim: To assess the relationship between oral health and asthma.
Introduction
Rates of periodontal disease and tooth decay are generally down partly due to advancements in dentistry (Arbes & Matsui 2011 , Dye et al. 2007 and partly due to a reduction of risk factors.
Researchers have wondered what type of association advancements on dentistry have with other diseases, including asthma and allergy-related illnesses.

Arbes and Matsui (2011) examined 12 studies evaluating the association between allergic disease or asthma and oral bacteria or periodontal disease. Five found an inverse association between allergic disease or asthma and periodontal health, four showed a positive association, and three found no link. A recent small study also found a positive association between periodontal disease and severity of asthma (Gomes-Filho et al. 2013). Inverse associations have been attributed to the hygiene hypothesis. Through this hypothesis it is argued that with
better oral health, fewer opportunities for infections and microbial exposures exist. As a consequence, asthma and atopic diseases become more likely (Arbes et al. 2006) . Positive associations, on the other hand, have been attributed to mouth breathing habits and frequent use of inhalational drugs in patients suffering from severe asthma (Gomes-Filho et al. 2013 , Ramesh-Reddy et al. 2014 
. The inconsistent results of the studies may be partially attributed to the use of different definitions of periodontal disease. In 2007, the Centers for Disease Control and Prevention and the American Academy of Periodontology (CDC-AAP) developed standard
case definitions for periodontitis for use in surveillance and population-based research (Page & Eke 2007) .
Although some studies evaluating the association between oral pathogens and allergy-related outcomes have considered the possible confounding effects of ethnicity or race, there is evidence of differences in morbidity of these diseases among Hispanics. Specifically, Puerto
Ricans have been found to have higher asthma morbidity and mortality rates (Bartolomei-Diaz et al. 2009 , Choudhry et al. 2005 ) and higher severe periodontitis than other Latino groups (Jimenez et al. 2014) . 
Periodontal examination and periodontitis definition:
The periodontal examination consisted of measures of probing depth, gingival recession, plaque index, bleeding upon probing (BOP) and computed clinical attachment loss, all performed by trained dental examiners. The measurements are described in a previous publication (Andriankaja & Joshipura 2014) . The CDC-AAP periodontitis definition was used to categorize periodontitis (Page & Eke 2007 (Chaves et al. 1993 (Fleiss et al. 1987 (Cleveland et al. 1992) 
Discussion
Our study demonstrated that, on average, participants with severe periodontitis or higher PBOP are less likely to have asthma. Severe periodontitis resulted in the largest reduction on the likelihood of asthma. Stronger evidence of an inverse association between asthma and oral health was found when asthma medicine intake was used as an indicator of asthma severity instead of asthma diagnosis. The results of this analysis support the hygiene hypothesis (Strachan 1989) . Five other studies found an inverse association between asthma or allergy and periodontal disease (Arbes et al. 2006 , Friedrich et al. 2008 , Friedrich et al. 2006 , Grossi et al. 1994 , Hujoel et al. 2008 . Several other studies either did not find an association between allergy or asthma and periodontal disease variables in humans ( Moreover, their periodontitis case definition included bleeding on probing, and compared participants with no asthma against patients with severe asthma. On the other hand, Friedrich et al. (2008) used attachment loss but not pocket depth to define periodontitis severity. Since attachment loss can accompany non-inflammatory gingival recession, determining periodontitis severity using attachment loss alone may overstate severity (Page & Eke 2007) . Several studies suffer from small sample sizes, and limited control of confounding variables. Another factor was the way asthma diagnosis was determined. In most studies, asthma diagnosis was selfreported, based on whether they have been diagnosed with asthma or allergies by a health professional . None of the studies used challenge tests to determine asthma diagnosis. Aaron et al. (2008) found that about a third of patients diagnosed with asthma by a physician did not have asthma when assessed through lung function and challenge tests.
We did not find any association between mean plaque index and asthma prevalence or taking asthma medication. A possible explanation is that although the Silness Loe plaque index reflects the oral hygiene status and expresses the presence of plaque at or above the gum line, it does not assess the amount of plaque below the gum line, or the bacterial composition of plaque which may be more pertinent for periodontitis, and perhaps asthma.
Our study, used the CDC-AAP defined periodontitis based on clinical periodontal examination of participants (Page & Eke 2007) . By using both attachment loss and probing depth measurements, this definition better reflects the cumulative and recent impact of periodontitis and its treatment, in comparison to using attachment loss or probing depth alone. A more recent CDC-AAP definition distinguishes between no periodontitis and mild periodontitis (Eke et al. 2012) . However, the most recent definition did not change the overall interpretation of the statistical analysis conducted in this work. Furthermore, although we use a two category smoking status, in our preliminary analysis using an additional 'former smoker' category did not alter our results. The self-reported measure of smoking status may not be precise enough to account for the true influence of tobacco exposure. Other measures of tobacco exposure such as toenail nicotine levels (Al-Delaimy & Willett 2008) may be more useful. To our knowledge, this is the first study assessing the association between periodontal disease and asthma on Puerto Ricans, a group disproportionately affected by both asthma and severe periodontitis. Our results have limitations. Asthma prevalence was self-reported and does not provide indication of severity of the condition as provided by lung function and challenge tests. Not enough information is available from the study to determine the adherence to asthma control medication. Findings were for an overweight or obese adult population. Obese asthma patients may represent a different asthma phenotype (Lugogo et al. 2010) . The cross-sectional nature of our association analysis does not prove causation and the causal relationship may be in the opposite direction. It is also plausible that the causal relationship is bi-directional (Garlet 2010 ).
Another limitation is that a convenience sample was used, limiting generalizability.
Several animal studies support the hygiene hypothesis' principle of a causal relationship between a decline of infectious diseases and increase in immunological disorders (Card et al. 2010 , Navarro et al. 2011 , Okada et al. 2010 , Olszak et al. 2012 , Versini et al. 2015 .
Unfortunately, longitudinal studies involving young children to assess the association between asthma or allergic diseases and directly measured oral bacteria currently do not exist.
Recently, results from a birth cohort study indicate that early life exposure to certain allergens and bacteria might protect from recurrent wheezing and allergic diseases (Lynch et al. 2014) .
One biological mechanism that might explain the hygiene hypothesis is that with less exposure to microbes during early childhood, a shift from a TH2 to a TH1 phenotype is hindered (Romagnani 2007) . Recently, studies postulated that an imbalance in TH1 and TH2 associated chemokines may precede the onset of sensitization, eczema and recurrent wheeze from birth, implicating that these chemokines may sometimes be primarily involved in the pathogenesis of allergic diseases and not only secondary to a general immune deviation after disease onset ( Abrahamsson et al. ) . With the discovery of regulatory T cells, a second mechanism was proposed: reduced microbial exposure leads to reduced TH cell suppression by regulatory T cells. Ramesh-Reddy et al. (2014) argue that microbial exposure early in life induces TH1 cell mediated response and promotes regulatory T cell network that later suppresses T cell immune responses, including TH2 cell mediated respiratory allergic diseases. Still, the complexity of the microbial and immunological interactions implies a high number of asthmatic immune phenotypes (Hansel et al. 2013 ).
Novel allergic disease prevention strategies currently being studied include colonizing patients with bacteria or other microbes, modifying helminth exposure, and molding gut microbial diversity (Arbes & Matsui 2011 , Smits et al. 2016 . Identification of commensal oral bacteria which provide protection from allergic diseases is still needed. For example an experimental study found that Porphyromonas gingivalis (P. gingivalis) infection before allergy sensitization reduced airway inflammation but had no effect on airway hyperresponsiveness to a methacholine aerosol challenge (Card et al. 2010) . On the other hand, P. gingivalis infection established after allergic sensitization reduced airway hyperresponsiveness but did not alter inflammation. Given that the hygiene hypothesis addresses exposure to bacteria and other microbes, further research is needed to better elucidate the association between periodontal disease and asthma. In addition, case control or prospective cohort studies to assess the relationship between oral bacteria and allergic disease in young children are also needed. 
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